A pair of primers designed from the sequence of genome segment 9 of group B rat rotavirus (IDIR) were employed to amplify genome segment 9 of a group B bovine rotavirus in a polymerase chain reaction (PCR) and to sequence the derived PCR products. A new pair of primers were synthesized from the obtained sequence data and used in a PCR detection assay for group B bovine rotavirus in fecal samples. In addition, another pair of primers were designed to produce a PCR-derived internal probe. This probe was used in a chemiluminescent hybridization to confirm the specificity and to increase the sensitivity of the assay. This assay could detect 0.1 fg of target double-stranded RNA. It was specific to group B bovine rotavirus and did not detect group B rat (IDIR) and porcine rotaviruses, group A bovine (NCDV), simian (SA-11), equine (H-2), porcine (OSU), human (DS-1), deer, and avian rotaviruses, coronavirus, or other enteric organisms tested in this study.
Rotaviruses are major causes of acute diarrhea1 diseases in newborn animals and humans. 10, 13, 14 Rotaviral diarrhea is very common in calves. 12 Affected young calves may die as the result of severe dehydration or secondary bacterial infection. 12, 13 Rotaviruses of groups A, B, and C have been identified in cattle. 1, 2, 12, 17, 20 Group A bovine rotaviruses are recognized as a significant cause of calf diarrhea, whereas group B rotaviral diarrheas are viewed as an emerging and increasingly important disease. 1 Bovine group C rotavirus (Shintoku strain) has been isolated from adult cows with diarrhea in Japan, although the isolation of this virus in the USA has not been reported. 20 Detection of group B rotavirus is difficult since this virus cannot be grown in cell culture. 17 In addition, only low numbers of group B rotaviral particles are shed in feces. 1, 17 At present, immune electron microscopy and immunoassays are the detection methods for group B bovine rotavirus; however, the antiserum for this virus is not widely available. 7, 9, 17 Electropherotype analysis requires a large amount of virus, and this technique does not allow a conclusive diagnosis of group B rotavirus. 9, 17 A high number of rotaviral particles (500 pg of RNA or approximately 10 7 viral particles) is required in a hybridization detection. 7 Lately, polymerase chain reaction (PCR) methods have been developed to detect human (ADRV) and porcine group B rotaviruses 11 Received for publication August 27, 1993. alent to 4 x 10 5 viral particles) has been demonstrated. 9 Because low numbers of group B rotaviral particles are shed in feces, a detection assay with high sensitivity would greatly facilitate diagnosis and studies of transmission and epidemiology of group B bovine rotavirus. The aim of this study was to sequence a portion of genome segment 9 of a group B bovine rotavirus (81-11) and develop a PCR assay based on this sequence for group B bovine rotavirus detection.
Materials and methods
Virus. Group B rotavirus samples in this study included fecal samples collected from gnotobiotic calves inoculated with 4 group B bovine rotaviruses (81-11, a 76-24, b 99-60, b and 169 c ), from 1 negative control gnotobiotic calf (95-64 b ), from gnotobiotic pigs inoculated with 5 group B porcine rotaviruses, c from 1 negative control gnotobiotic pig, c from intestinal wash of a suckling rat infected with rat group B rotavirus (IDIR), c and from intestinal wash of a negative control suckling rat. c All group B rotavirus samples were confirmed on a polycrylamide gel.
As a control, group A bovine rotavirus samples were also included. These samples were cell culture (MA-104, embryonic rhesus monkey kidney cell line)-adapted bovine NCDV, simian SA-11, equine H-2, porcine OSU, human DS-1, deer, and avian rotavirus isolates. Ten bovine fecal samples that were rotavirus group A positive by PCR and enzyme-linked immunosorbent assay (ELISA) and 1 bovine fecal sample negative for group A rotavirus by PCR, ELISA, and fluorescent antibody test were also included. These 11 bovine fecal samples were analyzed for other pathogens, including Escherichia coli, Salmonella spp., Streptococcus spp., Cryptosporidium spp., Lactobacillus spp., and coronavirus.
Sample preparation. Both fecal and infected cell culture samples were extracted with phenol and treated with hydroxylapatite d and a microconcentrator e to eliminate PCR schematic picture of primers and their PCR products. Numbers inhibitor, as previously described. 4 Two hundred microliters of either fecal samples or supernatant from infected cell culture was mixed with equal volume of 10 mM sodium phosphate (pH 6.8), 1% sodium dodecyl sulfate (SDS), and 0.1% (w/v) proteinase K. The mixture was incubated at 56 C for 10 min and extracted with Tris buffer (pH 8.0) saturated phenol : chloroform (1: 1) followed by chloroform extraction. The samples were then treated with hydroxylapatite d and a microconcentrator. e To assess the sensitivity, fecal sample 81-11 was extracted with phenol, ethanol precipitated, and lithium chloride precipitated to recover double-stranded (ds) RNA. 18 The samples were treated with hydroxylapatite d and a microconcentrator e and 10-fold serially diluted with ddH 2 O before use in a PCR. The amount of dsRNA was measured in a spectrophotometer at 260 nm wavelength. 4, 5, 19 Sequencing primers. Primers 3T-3C were previously described and were derived from the sequence data of genome segment 3 of IDIR. 9 PCR products from these primers were 276 base pairs (bp) long. Primers 9B1-9B2 were designed from the sequence data of genome segment 9 of IDIR 16 available in a gene bank (accession number D00911). f Primers 9B1 (5'-TGCTTCTCGTCGTTGCTGCT-3') and 9B2 (5'-CCAAACGTTTCCCCAATTTA-3') flanked bases 45-645 of gene segment 9 of the IDIR virus. PCR products derived from these primers were 641 bp long. These primers were used to amplify the target genome segments (segments 3 and 9) of group B bovine rotavirus (81-11) in a PCR and to sequence these PCR products. The sequence was then used to design detection primers for group B bovine rotavirus.
Detection primers. Primers 3B1-3B2 and primers 9B3-9B4 were designed from the sequence data of genome segments 3 and 9, respectively, of group B bovine rotavirus 81-11 obtained in this study. Primers 3B 1 (5'-CAACGGAC-AGTATGTTTGC-3') and 3B2 (5'-CTGTATTTAA-CTTTGCCCGC-3') flanked bases 942-1,118. PCR products from these primers were 216 bp long. Primers 9B3 (5'-CAGTAACTCTATCCTTTTACC-3') and 9B4 (5'-CGTATCGCAATACAATCCG-3') were designed to flank bases 196-443, resulting in 288-bp PCR products.
To produce PCR-derived probes for both genome segments 3 and 9, internal primers (3BP1-3BP2 and 9BP1-9BP2) were designed from genome segments 3 and 9 of sample 81-11, respectively. Primers 3BP1 (5'-GCGATA-TATTTTCAGTCTGG-3') and 3BP2 (5'-CCTAATTC-CAGCTAGGCTTG-3') flanked bases 972-1,092, resulting in 161-bp PCR products. Primers 9BP1 (5'-GTGAT-TGATATTATATCTAAG-3') and 9BP2 (5'-GGCTGTCA-GATAGTGGACAG-3') flanked bases 240-419, resulting in 221-bp PCR products. These PCR products were used as internal probes to confirm the specificity of PCR products from detection primers. All primers in this study were synthesized using a commercial nucleic acid synthesizer g (Fig.  1) .
RT/PCR. Nucleic acid samples were amplified in RT/ PCR as previously described, 4 with some modifications. The dsRNA targets were denatured in 10 mM methyl mercuric hydroxide and reverse transcribed in reactions containing upstream and downstream primers, dNTPs, and MMLV (Moloney murine leukemia virus) reverse transcriptase. The PCR was then performed in the same tube by the addition of 5 units of Taq DNA polymerase. The cycle profile was composed of 95 C for 1 min, 50 C for 1 min, and 70 C for 1 min when primers 9B1-9B2, primers 9BP1-9BP2, and primers 3BP1-3BP2 were used. When primers 9B3-9B4, primers 3T-3C, and primers 3B1-3B2 were used, the cycle profile was 95 C for 1 min, 52 C for 1 min, and 70 C for 30 sec. All reactions were performed for 40 cycles. PCR products were electrophoresed on a 2% agarose gel and visualized by ethidium bromide staining.
Northern blot hybridization. Extracted RNA of fecal sample 81-11 were run on a 13% polyacrylamide gel, electroblotted onto a nylon membrane h as described, 5 and then crosslinked with ultraviolet (UV) light. PCR products from either primers 3T-3C or primers 9B1-9B2 were recovered from a 2% agarose gel using DNA binding beads i according to the B D Sequencing. After the specificity was confirmed by hybridization, PCR products from sample 81-11 (group B bovine rotavirus) using primers 3T-3C and primers 9B1-9B2 were directly sequenced. The sequencing was performed using 35 S-dATP in a cycling sequencing reaction k as described by the manufacturer. The sequencing reaction mixture was run on a sequencing gel. The sequencing gel was dried and exposed to x-ray film 1 for 1 day at room temperature. The sequence data was then read from the developed film.
Hybridization. In later experiments, PCR products of either primers 3BP1-3BP2 or primers 9BP1-9BP2 were used as internal probes to confirm the specificity of PCR products derived from the detection assay using primers 3B1-3B2 or primers 9B3-9B4, respectively. PCR products of primers 3BP1-3BP2 or primers 9BP1-9BP2 were recovered from a 2% agarose gel using DNA binding beads designed for low molecular weight DNA m according to the manufacturer's instructions and labeled with horseradish peroxidase. j PCR products of detection primers 3B1-3B2 and detection primers 9B3-9B4 were run on a 2% agarose gel, visualized by ethidium bromide staining, and then vacuum blotted onto a nylon membrane (0.2 µm). n The membrane was UV light fixed and hybridized with the peroxidase-labeled corresponding probe in a chemiluminescent hybridization j at 42 C for 8 hr. 4 The hybridized membrane was washed twice for 20 min each time at 42 C in a wash buffer containing 6.0 M urea, 0.4% SDS, and 0.5 x standard saline citrate (SSC) and twice for 5 min each time at room temperature in 2 x SSC.
Results
When primers 3T-3C and primers 9B1-9B2 (designed from the sequence of IDIR genome segments 3 and 9, respectively) were used in a PCR with sample 81-11 (group B bovine rotavirus) target at low annealing temperature, PCR products of approximately 276 bp and 641 bp, respectively, were visualized on a 2% agarose gel stained with ethidium bromide. To confirm their origin, these PCR products were hybridized to a northern blot of group B bovine rotavirus 81-11. As expected, the PCR products hybridized to genome segments 3 and 9, respectively, of sample 81-11 (data not shown). The PCR products from both sets of primers were sequenced to obtain the internal sequence in both directions. The sequence data were then employed in the design of detection primers (3B1-3B2 and 9B3-9B4) and in the design of internal primers (3BP1-3BP2 and 9BP1-9BP2) to generate internal PCR-derived probes. These probes, which were internal to binding sites of detection primers, were used to confirm the specificity of PCR products and to increase the sensitivity of the test.
The sensitivity was assessed using dsRNA targets obtained from sample 81-11. With primers 9B3-9B4, PCR products from 1 fg and 0.1 fg of dsRNA target (0.1 fg is equivalent to 5 viral particles 4,9 ) were detected on an agarose gel and by hybridization, respectively ( Fig. 2A, 2B) . With primers 3B1-3B2, PCR products from 100 fg and 10 fg of dsRNA target were detected on an agarose gel and by hybridization, respectively (Fig. 2C, 2D) .
Primers 9B3-9B4 were examined in PCR with 4 group B bovine rotavirus samples and 3 samples negative for group B rotaviruses (bovine, porcine, and rat). Specific PCR products from all 4 samples but not from negative samples were visualized on a gel (Fig. 3A) . The result was confirmed by hybridization ( Fig. 3B ). Neither porcine nor rat group B rotaviruses were detected with this PCR protocol (Fig. 3A, 3B) . These primers did not detect group A rotaviruses, including cell culture-adapted bovine NCDV, simian SA-11, equine H-2, porcine OSU, human DS-1, deer, and avian rotaviruses and 10 bovine field samples positive for group A rotavirus by PCR and ELISA (Fig. 4) . In addition, none of enteric organisms in these 10 group A-positive field samples and 1 group A PCR-and ELISA-negative field sample were detected (Fig. 4C,  4D ).
Discussion
The goal in this study was to obtain a partial sequence of group B bovine rotavirus, because its sequence was not available, and to design specific primers for detection of this virus. were designed from available sequence data of genome segments 3, 6, and 9 of group B rat rotavirus (IDIR) and genome segment 5 of group B human rotavirus (ADRV). 3, 8, 9 The genetic relationship between individual genome segments among rat (IDIR), human (ADRV), and group B bovine rotaviruses has been established based on hybridization data. 6 Genome segments 3, 9, and 11 of IDIR and genome segment 5 of ADRV were reported to correspond to genome segments 3, 9, and 11 and genome segment 6 of group B bovine rotavirus, respectively. However, in our study only primers for genome segments 3 and 9 of IDIR sequence amplified the target of dsRNA of group B bovine rotavirus (Fig. 2) .
PCR products of both genome segments 3 and 9 of group B bovine rotavirus 81-11 were sequenced. The obtained sequences were 276 and 493 bp long, representing approximately 12% and 61% of genome segments 3 and 9 of group B bovine rotavirus, respectively. New primers specific to bovine group B rotavirus were then designed from the obtained sequence data. Primers for genome segment 9 demonstrated superior sensitivity in a PCR over primers for genome segment 3 (0.1 fg vs. 10 fg of dsRNA target) and thus were selected for this detection assay (Fig. 2) . Broad bands are apparent in Fig. 2B and 2D because these films were overexposed to enable the visualization of the signal in lane F.
Only a few cases of group B rotavirus have been identified in cattle in the USA; 15,18,21 therefore, only a limited number of bovine group B rotavirus samples were available to be used in this study. However, a number of group A rotavirus and group B rotavirus from other species and samples containing other enteric organisms were also employed to test the specificity of this PCR assay. PCR detection using primers 9B3 and 9B4 and chemiluminescent hybridization was specific to group B bovine rotavirus. It did not detect 5 porcine group B rotaviruses or 1 rat group B rotavirus used in this study nor did it detect group A bovine, simian, equine, porcine, human, deer, or avian rotaviruses. In addition, it did not detect other enteric organisms found in fecal samples, including E. coli, Salmonella spp., Streptococcus spp., Cryptosporidium spp., Lactobacillus spp., and coronavirus.
In a previous report, primers for genome segment 3 of IDIR were used to amplify group B bovine rotavirus targets 9 The PCR detection in our study was 80,000fold more sensitive than this previous PCR assay (0.1 fg vs. 8 pg of dsRNA target) in detecting group B bovine rotavirus. The difference in sensitivity might be due to the choices of genome segment targets, the primer annealing sites, and the fact that the authors from the previous report used primers designed from IDIR to detect group B bovine rotavirus. A sensitivity similar to that of the previous report was observed when we used the same primers (primers 3T and 3C) with our PCR protocol to detect group B bovine rotavirus. Furthermore, the sensitivity of these IDIR primers was reported as better when used for IDIR detection (80 fg). 9 The specificity and sensitivity of this PCR assay should be very useful in group B rotaviral diarrhea diagnosis and in transmission, reservoir, and epidemiologic investigations because only small numbers of viral particles are shed from group B rotavirus-infected animals relative to those infected by group A rotavirus. 17 This assay will overcome the problems experienced in group B bovine rotavirus diagnosis such as the inability of the virus to grow in cell culture, the relative inaccessability of antibody to this virus for immunoassays, the inconclusive result of electrophoretie analysis and electron microscopy without the use of antibody, and the low sensitivity of currently used group B rotavirus diagnostic techniques. Consequently, this assay together with our previously reported group A bovine rotavirus PCR detection method 4 will be very helpful in prevention and control of rotavirus infection in cattle.
